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Performance of two arboreal pitfall trap designs in sampling cursorial spiders from tree trunks
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Abstract. Tree trunks link the forest lloor and higher canopy layers, thus constituting an important habitat element for

many arthropod species, including spiders living in the canopy. Wesampled spiders moving on tree trunks in the boreal

forest using two trap designs referred to as “bottle traps" (BT) and “cup traps” (CT) placed on both trembling aspen

(Popiilus trenndoides Michaux) and white spruce (Picea glauca (Moench) Voss) trees of similar DBH (diameter at breast

height). Over an average of 83.5 ± 6.3 days/trap (48 traps), we collected a total 333 spiders, representing 13 families and 33

species. Chihioiui canadensis Emerton 1890 (Clubionidae), Callohins bennelti (Blackwall 1846) (Amaurobiidae),

Pocadicnends aniericana Millidge 1976 (Linyphiidae), and Orodrassiis canadensis Platnick & Shadab 1975 (Gnaphosidae)

were the most commonly collected species, representing more than 60% of the total catch. Twenty eight species and 285

individuals were collected by BTs compared to 18 species and 48 individuals by CTs. Catches in BTs included 15 unique

species, whereas five species were unique in CT catches. BTs are easier to transport and deploy, they catch more spiders per

trap, and appear to more efficiently sample spider diversity. Thus we recommend the use of BTs to effectively sample

wandering spiders on tree trunks; however, the use of both designs could increase understanding about the role of tree

trunks as structural features linking forest canopies to the ground layers below.
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Tree trunks are an important structural feature in forest

ecosystems because they link the forest Boor and the canopy

(Moeed & Meads 1983). Structural characteristics of trees

affect the composition, abundance, and distribution of tree-

dwelling organisms (Palik & Engstorm 1999). Tree bark is a

key component for maintaining biodiversity in managed and

unmanaged forests (Hanula et al. 2000); for example, habitat

structural diversity provided by bark innuences spider

assemblages (Horvath et al. 2005), suggesting that this

complexity is correlated with abundance of predators (Lan-

gellotto & Denno 2004). Recent studies have shown that high

species richness of lichens on spruce trees positively influenced

spider species richness (Gunnarsson et al. 2004). In addition,

tree bark provides shelter for overwintering arthropods (Pekar

1999), and provides resting places or habitat islands for

arthropods that are dispersing across habitats (Proctor et al.

2002 ).

Sampling techniques developed to collect arthropods

moving on and inhabiting tree trunks include stem-eclectors

(Eunke 1971), emergence traps (Glen 1976), arboreal photo-

eclectors (Moeed & Meads 1983), vacuum samplers (Nicolai

1986), branch traps (Koponen et al. 1997; Koponen 2004),

corrugated cardboard bands (Pekar 1999; Isaia et al. 2006),

time stem-eclectors (Simon et al. 2001), intercept traps (Majer

et al. 2003), sticky traps (Basset et al. 2003), polyethylene

bubble wraps (Roberts & Roberts 1988; Isaia et al. 2006),

artificial shelters (Hodge et al. 2007), among many others

(Basset et al. 1997; Szinetar & Horvath 2005). Some of these

techniques are especially well-suited for sampling certain

arthropod groups in relation to their activity patterns or

microhabitat associations; others are expensive and difficult to

transport or operate under field conditions. Some of these

traps are effective for collecting spiders in trees (e.g., branch

traps, corrugated cardboard bands) but generally particular

traps target only some groups (e.g., foliage-dwelling spiders,

under bark-dwelling spiders). Overall, there is a lack of

agreement about which trap designs are most suitable and

appropriate for collecting arthropods associated with tree

bark. As a consequence, knowledge about the arthropod

fauna inhabiting tree trunks remains preliminary (Roberts &
Roberts 1988), although we are starting to understand species

composition and habitat/microhabitat associations for spiders

(Szinetar & Horvath 2005).

In this paper we present two new designs for traps that are

easy to transport and to set and operate to collect spiders on

tree boles in the field. Deployment of these traps is cost

effective, allowing use of many traps so as to improve

sampling effort and reliability of resulting data (Churchill &
Arthur 1999). Additionally, we compared trap performance

(in terms of spider abundance and richness) between these trap

designs. Eurthermore, we report a small experiment to

estimate the variation in spider species composition between

trunks of two common tree species in the mixedwood boreal

forest.

METHODS
Study Site, Experimental Design and Sampling. —Traps were

deployed during the summer of 2006 at the Ecosystem

Management Emulating Natural Disturbance (EMEND) field

site located in the Clear Hills Upland, Lower Eoothills

Ecoregion of northwestern Alberta, Canada (56°46'13"N,

1 18°22'28"W). This region is covered by a mosaic of different

successional stages of boreal mixedwood forest dominated by

aspen (Popuhis tremidoides Michaux), balsam poplar (P.

halsandfera L.), white spruce (Picea glauca (Moench) Voss),

and black spruce (P. mariana (Miller)). Two different traps

designed to collect spiders moving on tree trunks (see below)

were tested in three different stands of uncut mixedwood

forest (minimum distance between stands ca. 3 km). In each

stand, eight traps (four of each design) were placed on the

boles of eight aspen and eight white spruce trees of similar

DBH (diameter at breast height) selected haphazardly, for a
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total of 16 traps per stand. Trees sampled were at least 10 m
apart and traps were all placed 2 m from the ground.

Spiders were collected from the traps in four collection

periods at 3-wk intervals from 28 May to 24 August 2006 and

preserved in 70% ethanol. Specimens were sorted and adult

individuals were identified to species using relevant literature

(Dondale & Redner 1978, 1982, 1990; Platnick & Dondale

1992; Dondale et al. 2003; Paquin & Dupcrre 2003; Ubick et

al. 2005), nomenclature followed the World Spider Catalog

V8.5 (Platnick 2008). Voucher specimens are presently held in

the Spence laboratory collection (Department of Renewable

Resources, University of Alberta).

Trap Design.
—

“Bottle Traps” (BTs) were inverted 2 liter

pop bottles (11.1 cm diameter) with the bottoms removed

(Fig. la). These were stapled to the surface of the trees to be

sampled. “Cup Traps” (CTs) consisted of 20 X 20 cm heavy

plastic board sheets stapled to the sample trees, each sheet

fitted with a 4 oz plastic cup; a 4. 1 cm diameter opening for

the cup was cut in the center of each board and a string

attached to the distal edge of the board was stapled to the tree

to maintain the trap in a horizontal position (Fig. lb). A 5 X
20 cm plastic strip was placed on each side of traps of both

designs, acting as a fence to direct spiders into the devices.

Silicate-free ethylene glycol was used as a preservative in both

kinds of traps.

Data Analysis. —Captures from each trap were pooled over

the entire sampling period, and abundance of each species was

standardized to spiders/day to adjust for uneven sampling

resulting from animal disturbance. It has been suggested that

trap perimeter affects catch (Luff 1975; Work et al. 2002). Thus,

to test if differences in spider catch can be simply explained by

trap perimeter or rellect actual trap performance, both

standardized abundance and richness values were adjusted for

trap perimeter, dividing these parameters by the trap circum-

ference (BT = 34.87 cm; CT = 12.88 cm). Both non-adjusted

and adjusted standardized values were compared.

Trap performance was assessed comparing standardized

abundance and richness using rarefaction estimates with non-

standardized abundances (Magurran 1988). Differences be-

tween trap designs, tree species, forest stands, and the

interaction of these variables were analyzed for both adjusted

and non-adjusted standardized abundance and richness values

using factorial analyses of variance (ANOVA, a = 0.05) in R
(R Development Core Team 2007), using the CARpackage

(Fox 2007). Rarefaction estimates were calculated in R (R

Development Core Team 2007) using the VEGANpackage

(Oksanen et al. 2007). In addition a post hoc power analysis (a

= 0.05) (Cohen 1988) was carried out in R (R Development

Core Team 2007) using the PWRpackage (Champley 2007)

for each factor (stand, tree species, trap design) with adjusted

and non-adjusted data to determine the probability of Type II

error and thus, determine if sample size was sufficient to

support conclusions.

Figure 1. —Arboreal pitfall trap designs, a. Bottle Trap design (BT).

b. Cup Trap design (CT). For details see text.
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RESULTS

Over the four collections, 4.7% of the traps were disturbed

by animals (six traps in the first collection and three in the

second) and six traps (all CTs) collected no spiders throughout

the sampling period. Thus, sampling effort averaged 83.5 ±
6.3 days/trap. In total, 13 families, 33 species and 333

individuals (Table 1) were captured. Clubiona canadensis

Emerton 1890 (Clubionidae), Callobius bennetti (Blackwall

1846) (Amaurobiidae), Pocadicnemis americana Millidge 1976

(Linyphiidae), and Orodrassns canadensis Platnick & Shadab

1975 (Gnaphosidae) were the most abundantly collected

species, collectively representing more than 60% of the total

catch. Each of the remaining species in the catch was

represented by fewer than 17 individuals.

Trap performance. —Both adjusted and non-adjusted stan-

dardized abundances and richness differed significantly

between trap designs (Abundance: df =
1, 42 (for all

comparisons of trap design), adjusted F = 19.19, P <
0.0001; non-adjusted F = 61.80, P < 0.0001. Richness:

adjusted P = 4.17, P = 0.049; non-adjusted F = 91.46, P <
0.0001), suggesting higher abundance and richness in BTs. In

addition, our analyses detected no significant differences in

standardized abundance for either adjusted or non-adjusted

data between tree species {df =
1, 42 (for all comparisons of

tree species), adjusted F = 1.20, P = 0.29; non-adjusted F =

0.47, P = 0.49); however, richness adjusted values showed

significant difference (P = 4.31, P = 0.045), indicating a slight

higher adjusted richness in white spruce, however non-

adjusted values showed no difference (F = 1.32, P = 0.26).

Likewise, catch did not vary significantly among stands with

respect to either abundance (df = 2, 42 [for all comparisons of

stands], adjusted data F = 1.77, P = 0.19; non-adjusted F =

1.08, P = 0.35) or richness (adjusted F = 3.0764, P = 0.058;

non-adjusted F = 2.50, P = 0.10). There was no significant

interaction between trap design and tree species for abundance

(df = 1, 42 [for all comparisons of interaction of tree species

and trap design], adjusted F = 0.2508, P = 0.62; non-adjusted

F = 4.074e-06, P = 0.998) and for the non-adjusted richness

data (F = 1.32, P = 0.26). However, this “design X trap”

interaction was significant for the adjusted richness values (P

= 4.31, P = 0.045). Power analysis showed that the

probability of Type 11 error in these comparisons is less than

0.01 for both adjusted and non-adjusted data.

BTs collected an average of 1 1.88 ± 1.18 spiders and 5.83 ±
0.42 species per trap in contrast to CTs that collected an

average of 2.00 ± 0.35 spiders and 1.67 ± 0.25 species per

trap. Thirteen species were collected in traps of both designs

accounting for 39.4% of the total catch; BTs captured 15

unique species as compared to five unique species in CTs. An
average of 7.54 ± 1.43 spiders and 4.00 ± 0.48 species were

collected per trap on spruce trees, whereas in aspen an average

of 6.33 ± 1.25 spiders and 3.30 ± 0.62 species were collected

per trap. Eighteen species were observed on both spruce and

aspen trees and these accounted for 54.6% of the total catch.

Eight species were collected only on spruce and eight species

only on aspen.

These results indicate that BT samples had both higher

abundance and richness (Fig. 2) and this supports the use of

this trap for assessing the spider fauna that is moving along

tree trunks. However, rarefaction curves indicate that CTs

collect a higher number of species based on the same number
of individuals (Fig. 2).

Bark-dwelling spider assemblages in the boreal forest.

—

According to data about habitats in which the species in our

traps were previously collected (Table 1), and to the habitat

association classification proposed by Wunderlich (1982), 11

species can be characterized as accidental, three species as

either accidental or facultative, eight as facultative, and two as

either facultative or exclusive.

DISCUSSION

Trap performance. —In general, spider catch was low

considering the number of traps placed in each forest stand.

Spiders use tree bark only temporarily (Horvath et al. 2005)

and our results suggest that spider activity is low on tree

trunks. Weremain convinced, however, that these trap designs

provide reasonable samples of spider assemblages using the

bole as habitat. The relatively high abundance of C.

canadensis, which is generally associated with tree bark

(Dondale & Redner 1982), and C. bennetti, which is a typical

bark-dwelling spider, suggests that traps of both designs

actually collect a representative fauna from this habitat.

Performance of BTs and CTs differed significantly,

although the significance of the trap design effect is marginal

for species richness adjusted for trap perimeter. This suggests

that differences in abundance in fact reflect differences in trap

efficiency but that differences in richness might be confounded

by the low number of species observed in the tree bark habitat.

Nonetheless, BTs collected six times more spiders and almost

twice as many species as did CTs, in fact, six out of 24 CTs
collected no spiders. Less than half of the species recorded

were collected in both traps (13 spp.) and in general these were

more abundant in BTs (Table 1). In addition, a large

proportion of species were collected only in BTs but few

species were unique to CTs. Abundances of species unique to

one trap design were very low, mainly singletons and

doubletons. Cryphoeca montana Emerton 1909 (Hahniidae)

was the most abundant of these unique species (8 individuals,

Table 1).

The better performance of BTs is probably due mainly to

how they work. The opening of a BT is in direct contact with

the tree bark (Fig. la) and, thus, there is higher probability

that spiders will crawl into the device than first crawling out

onto the horizontal platform (Fig. lb) and then into a cup. At

a low level of overall activity, differences in catch between CTs

and BTs could be highly significant to the quality of faunal

assessment achieved. Despite a clear difference in quantitative

performance in favor of BTs, rarefaction curves suggest that

under a similar sampling effort CTs collect more species.

However, to collect a comparable number of species and

individuals as in BTs, considerably more sampling effort must

be expended using CTs.

Given the above results, we recommend use of BTs to

effectively sample wandering spiders on tree trunks. In

addition to performing well, BTs are easy to set and transport

in the field. They are also cost effective; 2 liter plastic pop

bottles can be purchased inexpensively in high quantities in

any recycling center. The combination of species characteris-

tics and microhabitat affinities inevitably biases any trap

catch. Thus, we also recommend that other sampling
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techniques should be employed while we are developing a

more mature understanding of bark-dwelling spider species.

Both trap designs introduced here can contribute to these

efforts.

Bark-dwelling spider assemblages in the boreal forest.

—

Trunks of white spruce trees are structurally more complex

than are those of trembling aspen. For example, spruce trees

have more branches and these carry needles, even near to the

ground, while aspen branches are restricted to higher layers of

the canopy. In addition bark of spruce trees is of much
rougher texture than is that of aspen. More microhabitats

appear to be available on spruce tree boles and, thus, one

might expect these to harbor a more diverse assemblage of

bark-dwelling spiders. Even though most of our analyses

demonstrated no significant effect of tree species on the spider

catch, we did detect a significant but weak difference between

tree species using richness values adjusted for trap perimeter.

Nonetheless, the lack of apparent difference between catches

on these two tree species with considerably different habitat

quality suggests that most spiders captured on living tree

trunks are using the boles mainly as movement corridors,

rather than as habitat.

Bark-dwelling spiders have been classified according to how
strongly connected they are to this habitat (Wunderlich 1982)

as follows: 1) Exclusive bark-dwellers are species that live on

or under the bark during all or most part of their life cycle; 2)

Facultative bark-dwellers are species that typically, but not

exclusively, use this habitat; and 3) Accidental species are

typically from other habitats and use bark habitats by chance

or as an alternative. According to Szinetar & Horvath (2005)

of the 289 European species that have been recorded in tree

trunks, 65% are accidental species, 27% are facultative species,

and only 8% are exclusive bark-dwellers. In North America

information on bark-dwelling species is scarce and scattered

(e.g., Lowrie 1948; Bennett 2001; Buddie 2001; Holmberg &
Buckle 2002); in particular, little is known about spider

composition on tree trunks in the boreal forest, and thus

habitat associations are difficult to determine.

Given the information available about habitat associations

for species collected during the present study, we identify a

similar trend in the boreal forest to that above: we found a

higher proportion of accidental species and a lower proportion

of facultative or exclusive species (Table 1). One third of the

total number of species can be characterized as accidental

species on tree bark, whereas only a few species could be

categorized as facultative and/or exclusive, supporting the idea

that most of the species present in tree trunks are using this

habitat temporarily and that only a few species are true bark-

dwellers. Although these species represent a small part of the

overall fauna (standing dead trees were not included in this

study), those species that are facultative or exclusive in use of

trunk habitats should be considered as significant biodiversity

components, especially if there are species associated with

standing dead trees.

Further research should be focused on the role of bark-

dwelling spider assemblages in the boreal forest, especially

those dependent on dead trees. Buddie (2001), for example,

showed that spider assemblages collected directly from

downed woody material (DWM) are highly similar to

assemblages collected on the forest floor. Our work supports

Figure 2. —Rarefaction curves for two arboreal pitfall trap designs

in P. glauca and P. tremuloicles trees in a mixedwood forest. BT:

Bottle Trap design, CT: Cup Trap design.

a similar conclusion because many of the species collected in

BTs and CTs are also commoneither on the foliage (J. Pinzon,

unpublished data) or on the forest floor (Dondale & Redner

1978, 1982; Buddie 2001). However, little is known about the

spider composition on dead standing trees in the boreal forest;

as a consequence, at this point, it is difficult to determine if

specialists inhabit this habitat or if the species composition in

dead standing trees is comparable to that in living trees.

One set of species commonly found on tree trunks are not

exclusively bark-dwellers because they are common in other

habitats, such as forest litter and foliage (e.g., Agelenopsis

utahcma (Chamberlin & Ivie 1933) (Agelenidae), Amaurobius

borealis Emertoii 1909 (Amaurobiidae), C. canadensis, O.

canadensis, Pityohyphantes costatus (Hentz 1850) (Linyphii-

dae)). Such species could use tree boles either as a connection

between the forest floor and higher layers of the forest, as a

suitable place for mating, foraging for food, or for hiding from

predators. This study provides new trap designs for exploring

the fauna of spiders using tree trunks. In addition some

information regarding bark dwelling spiders in the boreal

forest is presented, however these traps could be used in any

kind of forest. Using BTs to thoroughly sample this type of

habitat for spiders will increase understanding of the role of

tree trunks and standing dead trees as habitats and structural

features for spider assemblages as components of biodiversity

in forested ecosystems.
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